Thermal reaction of Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Ru(III) metal ions with a tridentate Schiff-base ligand(HL) derived from the condensation of 2-aminothiazole and 2-hydroxy-1-naphthaldehyde resulted in the formation of a series of six new metal complexes: 
Introduction
Transition metal-Schiff-base complexes are of great interest in coordination chemistry. Such complexes have synthetic flexibility, sensitivity and selectivity towards a variety of metal ions. [1] [2] [3] [4] [5] [6] . Accordingly, this type of complexes has been subjected to be widely investigated [7, 8] .
The Schiff bases derived from heterocyclic compounds and their metal complexes have been attracted to many researchers in recent years [9, 10] . The strong aromaticity of the ring system of the heterocyclic compounds, thiazoles and their derivatives, leads to interesting biological activity and greater in vivo stability [11] [12] [13] . Aminothiazoles have a wide spectrum of anti-tumor, anti-oxidant and anti-anoxic activities as well as inhibit lipid peroxidation and as intermediates in the synthesis of antibiotics [14] [15] [16] In the area of bioinorganic chemistry, an unprecedented interest in Schiff base complexes lies in that they provide synthetic models for the metal containing sites in metalloproteins/enzymes because of their key role in clinical therapy, radio immunotherapy, cancer diagnosis and treatment of tumor [17] . Interest in the binding of metal complexes to nucleic acid has been motivated not only by a desire to understand the basics of these interaction modes, but also by the development of metal complexes into anti-inflammatory and anticancer agents.
Hence, much attention has been targeted in the design of metal-based complexes, which can bind to DNA [18] [19] [20] . Recently, the interaction of cationic metal complexes containing multidentate aromatic ligands, as a new agent studying anticancer characteristics with DNA has gained a growing importance [21] [22] [23] [24] [25] [26] .
In recent years, the bioactive novel Schiff base ligands containing N,O,S donor sites with transition metal complexes have considerable attention in analytical applications [27, 28] and in the treatment of cancer cells in chemotherapeutic field [29] [30] [31] . Hence, in view of their significant usage, we we have synthesized Co(II), Ni(II), Cu(II), Zn(II), Cd(II) and Ru(III) complexes with a tridentate Schiff-base ligand (HL) derived from the condensation of 2-aminothiazole and 2-hydroxy-1-naphthaldehyde. The synthesized compounds were characterized by various spectroscopic techniques, mass, elemental analysis. The DNA binding and DNA cleavage as well as antibacterial and antifungal activities were also studied. and RuCl 3 were purchased from Fluka. The two reagents2-aminothiazole and 2-hydroxy-1-naphthaldehyde were supplied by Aldrich. All solvents were of analytical grade and were purified by distillation before use.
Experimental

Materials and Reagents
Instruments
Infrared measurements using (KBr pellets) were carried out on a Unicam-Mattson 1000 FT-IR spectrometer and magnetic measurements of the complexes in the solid state (Gouy method) were recorded on a Sherwood magnetic susceptibility balance.
1 H NMR measurements were performed on a Varian-Mercury 300MHz spectrometer. Elemental analyses of carbon, hydrogen, nitrogen and sulphur (CHNS) were performed using JEOL JMS-AX500 elemental analyzer, mass spectrometry measurement of the solid complex was carried out on a JEOL JMS-AX 500 spectrometer. Thermogravimetric analyses (TG and DTG) were carried out under N 2 atmosphere with a heating rate of 10 C/min. using a Shimadzu DT-50 thermal analyzer. All conductivity measurements were performed in DMSO (1x10 −3 M) at 25 • C, by using Jenway 4010 conductivity meter. Fluorescence measurements of all compounds were performed using a Jenway 6270 Fluorimeter. ESR spectra were recorded at Elexsys, E500, Bruker company.
Synthesis of the Schiff base ligand (HL)
A mixture of 30 mL ethanolic solution of 2-aminothiazole(1.0g, 10 mmol) and 2-hydroxy 
Synthesis of metal complexes
The synthesis of the reported metal complexes was employed according to the general procedure [24] . An aqueous solution of the metal salt (1mmol, 10 mL) was added dropwise to an ethanolic solution of HL ligand (1mmol, 0.254 g, 25 ml) at room temperature with constant stirring for 10 minutes. The mixture solution was left to cool at room temperature. The solid complex was isolated by filtration, then washed several times with hot 3:1 ethanol-water mixture followed by ether then kept in a desiccator. Table 1 gives the color, % yield and molar conductance of the isolated compounds. Table 3 ) showed a band at 3430 cm -1 referred to the stretching vibration frequency of the OH group. Furthermore, the IR spectrum of the ligand displayed two strong bands at 1619 and 1595 cm -1 due to υ(C=N) of thiazole ring and azomethine moiety, respectively [13, 24] . In addition, the spectrum exhibited a strong band at 1553 cm -1 and a medium band at 1221 cm -1 referred to the stretching vibration frequencies of C=C and C-O bonds, respectively. The 1 H NMR spectrum of the free ligand HL in DMSO is shown in Figure 3 and its data listed in Table 4 . The free ligand displayed single signals at 13.82 and 9.95 ppm referred to OH and azomethine protons, respectively [32] . The multiple signals exhibited in the range 7.21-8.62 ppm were assigned to the aromatic and thiazole hydrogens.
Scheme 2. Fragmentation of the mass spectrum of the HL ligand. 
IR spectra
To determine the chelating sites coordinated to metals, a comparison between the IR spectra of the complexes and the free ligand must be concerned. The characteristic vibration bands of HL ligand show the proper shifts on complexation indicating the complex formation ( Table 3 ).
The IR spectra of the complexes 1, 2, 5 and 6 displayed broad stretching frequencies in the range 3188-3431 cm -1 indicating the presence of OH and/or H 2 O species in these complexes. On the other hand, the IR spectra of the two complexes 3 and 4 show no OH stretching bands indicating the absence of OH and H 2 O species in these complexes. Furthermore, the IR spectrum of complex 1 exhibited a stretching band at 3431cm -1 , assigned to the presence of a free OH group in the complex without coordination to Co(II) while the IR spectra of the complexes 2-6 showed the disappearance of such OH stretching vibration of the ligand indicating the coordination of it to the metals oxidatively. Moreover, the broad IR stretching bands appeared at 3399, 3303 and (Table 3 ) [38, 39] . Moreover, the IR spectrum of ruthenium complex (6) exhibited strong stretching frequencies at 1620 cm -1 due to (C=N) of thiazole ring and at 1600 cm -1 corresponding to (CH=N) [40] . The stretching frequency of C=N moiety in thiazole ring (1620 cm -1 ) showed no shift with respect to the corresponding value in the ligand (1619 cm -1 )
indicating that thiazole nitrogen atom does not coordinate to ruthenium. Furthermore, the shifts observed in the stretching frequencies (CH=N) and (C-O) at 1600 and 1210 cm -1 , respectively, indicated the coordination of the azomethine nitrogen and hydroxyl oxygen of the ligand to Ru(III) ( 
1 H NMR spectra
The 1 H NMR data of HL and the two diamagnetic zinc and cadmium complexes (4, 5) are listed in Table 4 . (Table 4 ). In addition, theppm due to CH 3 protons of acetate ion [44] . 
Thermal analysis
In order to give more insight into the structure of the complexes, the thermal studies of metal complexes were carried out using the thermogravimetric technique (TG) and differential thermogravimetric (DTG) [46] . Thermal analyses (TG and DTG) have been used as a fundamental to verify the status of water molecules in complexes with respect to the inner coordination sphere of the metal ion as well as to provide information about the thermal stability of the complexes. The complexes were submitted to a TG analysis at ambient temperature up to 
Magnetic measurements
The magnetic moment of the reported complexes was measured and proved paramagnetic properties for cobalt, nickel, copper and ruthenium complexes. According to the present spectroscopic study (IR, 1 H NMR, mass) together with the analytical (elemental analysis, conductivity measurements) and thermodynamic data, the structure of the reported complexes were proposed as shown in Scheme 3 [34, 50, 51] .
ESR studies
The X-band ESR spectrum of copper complex was recorded in DMSO at room 
Conclusions
The tridentate Schiff-base ligand (HL) derived from the condensation of 2-aminothiazole and 2-hydroxy-1-naphthaldehydeand as well as its six transition metal complexes (1-6) have been synthesized. They have been characterized based on the analytical, spectral and magnetic measurements. The results of these investigations support the suggested structure of the metal complexes.
